Conditional inactivation of the 'neuropathy target esterase' (NTE) gene in mouse nerve cells was previously shown to result in CNS pathology comparable to the spongiform encephalopathy characteristic of prion diseases. To determine whether cellular prion protein (PrPc) is essential for development of this pathology we examined hippocampi of mice lacking NTE alone, PrPc alone or both NTE and PrPc. Light microscopic survey showed clear-cut spongiform changes in a majority of NTE−/− and NTE/PrP−/− double knockout mice but in only one PrP−/− mouse. EM analysis of spongiform lesions from NTE−/− and NTE/PrP−/− mice, and from the one affected PrP−/− mouse, revealed patches of branching tubular inclusions, comparable to the 'tubulovesicular inclusions' described previously in prion diseases. We conclude that spongiform pathology in conditional NTE knockout mice is not mediated by PrPc, and that tubulovesicular inclusions can be seen in spongiform encephalopathy of other etiologies and are not pathognomonic of prion disease.
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The Neuropathy Target Esterase (NTE) gene encodes a neuronal membrane protein that was identified for its ability to be modified by organophosphate compounds (Johnson, 1990) . NTE represents the mammalian homologue of the Drosophila swisscheese (sws) gene (Glynn, 2000) , mutations of which produce degeneration and glialaxonal deficits. Loss of function of the NTE gene in mice produces embryonic lethality at a very early embryonic age (Winrow et al., 2003; Moser et al., 2004) . A conditional mouse mutation that inactivates the NTE gene only in nerve cells resulted in prominent pathological changes in neurons and their processes in the hippocampus and thalamus (Akassoglou et al., 2004) . The characteristic findings consist of vacuolation of neuronal cytoplasm, focal disappearance of cytoplasmic organelles and the appearance, in some cases, of large patches of a tubulovesicular material, unlike any normal cellular constituent, and of scattered membranes within the formerly cytoplasmic areas. Nuclei do not show these changes, and no surrounding inflammatory response was present. These changes resulted in neuropil that contained holes, producing a 'swiss cheese-like' appearance originally found in the sws Drosophila homologue (Kretzschmar et al., 1997) .
The overall appearance of these abnormalities in the mouse corresponds closely to the spongiform encephalopathy characteristic of Creutzfeldt-Jakob disease (CJD) and other prion diseases (Lampert et al., 1969 (Lampert et al., , 1972 . In particular the tubulovesicular inclusions in the conditional NTE mice (Akassoglou et al., 2004) resemble the tubulovesicular structures reported in prion-infected animals by DavidFerreira et al. (1968) and by Liberski et al. (1988 Liberski et al. ( , 2008 in a variety of naturally occurring and experimental prion disease cases. Based on its pathology, the NTE phenotype could signify an abnormality in cellular prion protein (PrPc). Moreover, it is possible that the tubulovesicular inclusions could in fact represent conglomerates of altered PrPc.
In order to test these possibilities, we examined mice generated by cross breeding a prion-null (PrP−/−) mouse line with our nestin-Cre NTE-conditional line (Nes-cre:NTE). The resulting offspring were either PrP−/− only, NTE−/− only, heterozygous for each gene, or deficient in both PrP and neuronal NTE. On examining the conditional NTE/PrP−/− (double knockout) mice in comparison with NTE−/− mice, we found comparable pathology; i.e. the conditional NTE pathology did not require a contribution of PrPc, which is absent in the double knockout mice. This implies that other mechanisms contribute to the 'swisscheese' pathology that are independent of prion protein aggregation.
Materials and methods

Generation of conditional NTE/PrP−/− mice
The PrP−/− mice were obtained from the European Mouse Mutant Archive (EMMA, Munich, Germany), as well as from David 
